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TITLE OF THE INVENTION 



SHEET PROCESSING 
METHOD THEREFOR, 
METHOD , AND 



APPARATUS , CONTROL 

SHEET PROCESSING 
STORAGE MEDIA 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a sheet processing 
apparatus for performing sheet processes such as a 
punching process to a sheet, a control method for the 
sheet processing apparatus, a sheet processing method, 
and storage media storing programs for executing the 
methods . 

Description of the Related Art 

Sheet processing apparatuses are known, which 

perform sheet processes such as sorting, binding, 
loading, and punching on sheets discharged from an image 
forming apparatus and each having an image formed 
thereon . 

An example of a sheet process using a sheet 
processing apparatus such as one described above is a 
punching process for punching to sheets. For example, a 
punching method has been proposed, which stacks sheets 
on a processing tray and punches a bundle of stacked 



sheets. This method, however, has disadvantages: For 
example, the bundle of sheets may be too thick to be 
punched depending on the number of sheets in the bundle 
to be processed, and taking such a problem into 
consideration, a large-scale punching unit must be 
provided. Further, during the punching process, it is 
impossible to convey a new sheet, or depending on the 
capacity of the punching unit, the punching process has 
to be carried out in a plurality of steps, which 
necessitates suspension of conveyance of sheets from the 
image forming apparatus. Consequently, the processing 
speed cannot be increased easily. 

To solve the above described problems, a method has 
been proposed, which provides a punching unit on a sheet 
conveyance path and conveys a sheet therealong while 
sequentially punching to the sheet. 

This method, for example, provides on a sheet 
conveyance path a punching unit comprised of punches and 
dies, and synchronizes the sheet conveyance speed with 
the punch speed to execute the punching process without 
stopping the sheets from being conveyed. This method 
has the advantage that the sheet processing time does 
not increase even when the punching process is executed. 

When sheets are punched while being conveyed as 
described above, the punching position should desirably 
be adjusted before actually punching the sheet, so as to 
punch the sheet being conveyed at an appropriate 



position thereof. More specifically, it is desirable to 
carry out both adjustment of the punching position in 
the sheet conveying direction and adjustment of the 
punching position in a sheet width direction at a right 
angle to the sheet conveying direction, followed by 
carrying out punching of the sheet. The adjustment of 
the punching position in the sheet conveying direction 
is carried out by, for example, detecting appearance of 
a leading end (in the sheet conveying direction) of the 
sheet being conveyed and controlling timing for 
execution of the punching process based on a result of 
the detection to thereby adjust the punching position in 
the sheet conveying direction. On the other hand, the 
punching position in the sheet width direction at a 
right angle to the sheet conveying direction is adjusted 
by, for example, detecting an end position of the sheet 
being conveyed in the sheet width direction and moving 
and adjusting the punching unit in the sheet width 
direction based on a result of the detection to thereby 
adjust the punching position in the sheet width 
direction. Both adjustments are carried out based on 
the sheet to be punched while the sheet is being 
conveyed, as in an actual punching process. 

The apparatus of this type can convey different 
types (for example, different sizes) of sheets and can 
execute the above described punching process on various 
sheets. However, the same manner of adjustment of the 



punching position in the sheet width direction at a 
right angle to the sheet conveying direction is applied 
whatever types of sheets are to be punched. 

According to the above described method, however, 
both the adjustments of the punching position and the 
punching process depending on these adjustments are 
carried out while sheets are conveyed. Consequently, 
if, for example, a sheet to be punched skews while being 
conveyed, the amount of skewing of the sheet at the time 
of actual punching is larger than that at the time of 
execution of the adjustment of the punching position in 
the sheet width direction. That is, an appropriate 
position to be punched may change gradually during the 
sheet conveyance, whereby the punching position in the 
sheet width direction at a right angle to the sheet 
conveying direction is shifted. In spite of the 
possibility of such a phenomenon, the same manner of 
adjustment of the punching position in the sheet width 
direction is applied for any types of sheets. This 
leads to, for example, while a disadvantage that sheets 
of a certain size do not substantially deviate in 
punching position, sheets of another size significantly 
deviate in punching position so that the punched sheets 
are useless, resulting in a waste of resources. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide 
a sheet processing apparatus, a control method therefor, 
and a sheet processing method, which are free of the 
above described problems, and storage media storing 
5 programs for executing the control method and the sheet 

processing method. 

It is another object of the present invention to 
provide a sheet processing apparatus, a control method 
O therefor, a sheet processing method, which are capable 

m 10 of maintaining high productivity and performing high- 

"S grade processes while minimizing deviation of a sheet 

?^ processing position in a direction at a right angle to a 

sheet conveying direction whatever types of sheets are 
to be processed, and storage media storing programs for 
rU 15 executing the control method and the sheet processing 

C3 method. 

St. 

To attain the above objects, according to a first 
aspect of the present invention, there is provided a 
sheet processing apparatus for performing a sheet 

20 punching process on sheets being conveyed, comprising 

punching means for punching the sheets, sheet end 
detecting means disposed for movement together with the 
punching means, for detecting an end position of each of 
the sheets being conveyed in a width direction thereof, 

25 moving means for moving the punching means and the sheet 

end detecting means in a direction at a right angle 
relative to a conveying direction of the sheets, sheet 



detecting means for detecting each of the sheets being 
conveyed, movement amount detecting means for detecting 
an amount of movement by which each of the sheets has 
moved after detection of the sheet, and movement 
starting means for determining based on the detected 
amount of movement whether each of the sheets has 
reached a predetermined position, and for causing the 
moving means to start moving the punching means and the 
sheet end detecting means when each of the sheets is 
determined to have reached the predetermined position. 

Preferably, the movement starting means comprises 
means for determining whether a distance in the 
conveying direction of the sheets between the sheet end 
detecting means and a trailing end of each of the sheets 
in the conveying direction of the sheets has become 
equal to a predetermined value, and the movement 
starting means causes the moving means to start moving 
the punching means and the sheet end detecting means 
when the distance has become equal to the predetermined 
value . 

More preferably, the predetermined value of the 
distance corresponds to a minimum size of the sheets 
that enables the sheets to be punched. 

Preferably, the movement starting means comprises 
means for determining whether a punching position on 
each of the sheets has reached a predetermined position, 
and the movement starting means causes the moving means 



to start moving the punching means and the sheet end 
detecting means when the punching position on the sheet 
has reached the predetermined position. 

Preferably, the movement amount detecting means 
starts detecting the amount of movement of each of the 
sheets when the sheet detecting means detects the 
trailing end of each of the sheets. 

Alternatively, the movement amount detecting means 
starts detecting the amount of movement of each of the 
sheets when the sheet detecting means detects a leading 
end of each of the sheets in the conveying direction of 
the sheets. 

Preferably, the movement amount detecting means 
detects the amount of movement of each of the sheets 
based on a period of time for which the sheet has moved 
after detection of the sheet by the sheet detecting 
means and on a speed at which the sheets are conveyed. 

In a preferred form of the first aspect, the sheet 
processing apparatus comprises a conveyance motor for 
conveying the sheets, and wherein the movement amount 
detecting means counts a clock for driving the 
conveyance motor after detection of each of the sheets 
by the sheet detecting means and detects the amount of 
movement of the sheet based on a period of time of 
movement of the sheet corresponding to a count value 
obtained by the counting. 

To attain the above objects, according to a second 
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aspect of the present invention, there is provided a 
sheet processing method of punching sheets being 
conveyed using punching means, comprising the steps of 
detecting each of the sheets being conveyed, detecting 
an amount of movement by which each of the sheets has 
moved after detection of the sheet, starting moving the 
punching means being movable in a direction at a right 
angle relative to a conveying direction of the sheets 
when it is determined based on the detected amount of 
movement that each of the sheets has reached a 
predetermined position, and moving sheet end detecting 
means together with the punching means to detect an end 
position of each of the sheets being conveyed in a width 
direction thereof . 

To attain the above objects, according to a third 
aspect of the present invention, there is provided a 
computer-readable storage medium that stores a program 
for causing a sheet processing apparatus having punching 
means for punching sheets being conveyed to execute a 
method comprising a step of detecting each of the sheets 
being conveyed, a step of detecting an amount of movement 
by which each of the sheets has moved after detection of 
the sheet, a step of starting moving the punching means 
being movable in a direction at a right angle relative to 
a conveying direction of the sheets when it is determined 
based on the detected amount of movement that each of the 
sheets has reached a predetermined position, and a step 



of moving sheet end detecting means together with the 
punching means to detect an end position of each of the 
sheets sheet being conveyed in a width direction thereof 

To attain the above objects, according to a fourth 
aspect of the present invention, there is provided a 
sheet processing apparatus comprising sheet processing 
means for executing a sheet process to a sheet, conveying 
means for conveying the sheet to be processed by the 
sheet processing means, detecting means for detecting an 
end position of the sheet in a direction at a right angle 
relative to a conveying direction of the sheet, and 
control means for controlling the sheet processing means 
to execute the sheet process to a position based on a 
detection result of the detecting means on the sheet, 
after a detecting operation by the detecting means, and 
wherein the control means controls timing for starting 
the detecting operation by the detecting means so as to 
execute the detecting operation at a vicinity of a sheet 
processing position on the sheet at which the sheet 
process is executed by the sheet processing means. 

Preferably, the control means determines the timing 
for starting the detection of the end position of the 
sheet by the detecting means, based on a length of the 
sheet in the conveying direction of the sheet. 

Also preferably, the sheet processing means is 
capable of executing the sheet process on plural types of 
sheets of different lengths in the conveying direction of 
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the sheets, and wherein the control means sets timing for 
starting detection of an end position of each of the 
plural types of sheets in the direction at a right angle 
relative to the conveying direction of the sheets by the 
detecting means depending on a length of each of the 
plural types of sheets in the conveying direction of the 
sheets . 

For example, if the sheet process is carried out on 
a sheet of a first size or a sheet of a second size 
having a larger length in the conveying direction of the 
sheets than the sheet of the first size, the control 
means delays the timing for starting the detection of the 
end position of the sheet of the second size with respect 
to the timing for starting the detection of the end 
position of the sheet of the first size. 

More preferably, the control means sets the timing 
for starting the detection of the end position of each of 
the plural types of sheets by the detecting means to 
different values of timing according to the different 
lengths of the plural types of sheets in the conveying 
direction of the sheets such that the detection of the 
end position of each of the sheets is always carried 
out at the location close to the sheet processing 
position . 

Preferably, the sheet processing means is movable 
in the direction at a right angle relative to the 
conveying direction of the sheet. 
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More preferably, the detecting means is movable in 
the direction at a right angle relative to the conveying 
direction of the sheet. 

Preferably, the control means is responsive to 
5 starting of the detection of the end position of the 

sheet by the detecting means, for moving the sheet 
processing means together with the detecting means. 
Preferably, the control means causes the sheet 
□ processing means to execute the sheet process without 

fn 10 stopping the conveyance of the sheet by the conveying 

£ y 

^2 means . 

tn 

. In a typical example of the fourth aspect, the 

sheet processing means includes punching process means 
for executing a punching process on the sheet. 
^2 15 Preferably, the sheet processing means executes the 

C3 sheet process on the sheet without executing a sheet 

aligning process on the sheet. 

As a typical application of the fourth aspect, the 
sheet processing apparatus can be connected to an image 
20 forming apparatus for forming images on a sheet, and 

wherein the sheet processing means executes the sheet 
process on a sheet supplied from the image forming 
apparatus . 

Preferably, the control means controls timing for 
2 5 starting the sheet process to be executed on the sheet 

by the sheet processing means together with the timing 
for starting the detection of the end position of the 
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sheet by the detecting means, such that the sheet 
processing means executes the sheet process on the sheet 
having an image formed surface thereof facing downward, 
at a trailing end thereof. 

To attain the above objects, according to a fifth 
aspect of the present invention, there is provided a 
method of controlling a sheet processing apparatus 
having sheet processing means for executing a sheet 
process to a sheet, conveying means for conveying the 
sheet to be processed by the sheet processing means, and 
detecting means for detecting an end position of the 
sheet in a direction at a right angle relative to a 
conveying direction of the sheet, the method comprising 
a control step of controlling the sheet processing means 
to execute the sheet process to a position based on a 
detection result of the detecting means on the sheet, 
after a detecting operation by the detecting means, and 
wherein the control step controls timing for starting 
the detecting operation by the detecting means so as to 
execute the detecting operation at a vicinity of a sheet 
processing position on the sheet at which the sheet 
process is executed by the sheet processing means. 

To attain the above objects, according to a sixth 
aspect of the present invention, there is provided a 
computer-readable storage medium that stores a program 
for causing a sheet processing apparatus having sheet 
processing means for executing a sheet process to a 
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sheet, conveying means for conveying the sheet to be 
processed by the sheet processing means, and detecting 
means for detecting an end position of the sheet in a 
direction at a right angle relative to a conveying 
direction of the sheet, to execute a method comprising a 
control step of controlling the sheet processing means 
to execute the sheet process to a position based on a 
detection result of the detecting means on the sheet, 
after a detecting operation by the detecting means, and 
wherein the control step controls timing for starting 
the detecting operation by the detecting means so as to 
execute the detecting operation at a vicinity of a sheet 
processing position on the sheet at which the sheet 
process is executed by the sheet processing means. 

The above and other objects, features, and 
advantages of the present invention will be apparent 
from the following description taken in conjunction with 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing the entire 
construction of an image forming system to which a sheet 
processing apparatus according to a first embodiment of 
the present invention is applied; 

FIG. 2 is a view showing the construction of a 
punching unit 50 stored in the sheet processing 
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apparatus 103 ; 

FIGS, 3A to 3p^re a view useful in explaining a 
punching operat^n performed by a punching unit 50; 

FIG. 4 is a view showing a punched sheet S; 

FIG. 5 is a timing chart showing signals from a 
sheet detecting sensor 31, a sheet end detecting sensor 
93, a punch slide HP detecting sensor 94, and a punching 
position sensor 99, and driving waveforms for a punch 
drive motor, and a punch slide motor; 

FIG. 6 is a block diagram showing the construction 
of a control section of the image forming system; 

FIG, 7 is a flow chart showing a procedure of a 
punching operation process according to the first 
embodiment; 

FIG. 8 is a flow chart showing a continued part of 
the procedure of the punching operation process from 
FIG. 7; 

FIG. 9 is a flow chart showing a continued part of 
the procedure of the punching operation process from 
FIGS. 7 and 8; 

FIG. 10 is a flow chart showing a procedure of a 
sheet end detecting process; 

FIGS. IIA to lie are views showing the relationship 
between a minimum punchable length L of a sheet in a 
sheet conveying direction and a distance K between the 
sheet detecting sensor 31 and the sheet end detecting 
sensor 93 according to a second embodiment of the 
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present invention, in respective cases where K > L, K = 
1, and K < L; 

FIG. 12 is a flow chart showing a procedure of a 
punching operation process according to the second 
embodiment ; 

FIG. 13 is flow chart showing a continued part of 
the procedure of the punching operation process from 
FIG. 12; 

FIG. 14 is a flow chart showing a continued part of 
the procedure of the punching operation process from 
FIGS. 12 and 13; and 

FIG. 15 is a diagram showing a memory map for a ROM 
in a memory 20 01 as a storage medium. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A sheet processing apparatus, a control method, a 
sheet processing method and storage media storing 
programs for executing the methods according to the 
present invention will be described below with reference 
to drawings showing preferred embodiments thereof. The 
sheet processing apparatus according to the present 
embodiments is applicable to image forming systems. 
[First Embodiment] 

FIG. 1 is a sectional view showing the entire 
construction of an image forming system to which a sheet 
processing apparatus according to a first embodiment of 
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the present invention is applied. The image forming 
system is comprised of a reading and sheet feeding 
apparatus 101, an image forming apparatus 102, a sheet 
processing apparatus 103, and others. 

The reading and sheet feeding apparatus 101 is 
comprised of an automatic original feeding section 51 
for sequentially conveying a bundle of originals p that 
are set on the section 51 to a reading position on an 
original table glass 78 starting with a top page (that 
is, an original in the uppermost layer of the bundle of 
originals p) and then conveying them to a discharging 
position, and an optical system having a lamp 79 for 
applying light to the originals p conveyed to the 
reading position, a CCD line sensor (hereinafter 
referred to as "the CCD") 76 for detecting images on the 
originals, reflecting mirrors 72, 73, and 74 for guiding 
light from the originals p to the CCD 76, and a lens 7 5 
for forming the images from the originals on the CCD 76. 



— — The image forming apparatus 102 has a plurality of 
recording sheet storage sections SjJ^^nd 54 that have 
sheets S (SI, S2) of dif f eren^x^izes loaded therein, and 
recording sheet feeding s^^ions 55 and 56 for feeding 
recording sheets. A ^fed sheet S is conveyed to a sheet 
conveyance path Sfir via a sheet conveyance path 57 . 
Reference nuiwf^l 61 designates a laser scanner for 
scanning Ld^er light based on image information read by 
the opJfe^cal system 52, to form a latent image (toner 
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image) on/a photosensitive body of an image forming 
section/ 62 . 

The image forming section 62 transfers the toner 
image formed on the photosensitive body to the sheet S. 
The sheet S, having an image formed thereon by the image 
forming section 62, is conveyed to a conveyance path of 
the sheet processing apparatus 103 by means of a 
conveyance belt 63, a fixing roller 64 which softens and 
melts the toner image on the recording sheet for 
fixation, and a conveyance roller 65. For double-sided 
printing, the image forming section 62 first forms an 
image on a first side of the sheet, which is then guided 
toward a roller 64a via the roller 64 and conveyed back 
to the image forming section 62 . The image forming 
section 62 then forms an image on a second side of the 
sheet, which is then conveyed to the sheet processing 
apparatus 103 via the rollers 64 and 65 with the second 
side facing upward. On the other hand, for single-sided 
printing, the sheet, having an image formed thereon by 
the image forming section 62, is guided toward the 
roller 64a, which then switches back and guides the 
sheet toward the roller 65. Then, the sheet with its 
image formed surface facing downward due to the above 
conveyance control is conveyed to the sheet processing 
apparatus 103 via the roller 65 (face down discharging 
mode) . The sheet processing apparatus 103 conveys the 
sheet while keeping the image formed surface facing 
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dovmward and stacks the sheet on a predetermined loading 
unit (for example, a tray 82, a tray 85, or a tray 86) 
with the image formed surface facing downward. This 
enables the top page to be processed to improve 
productivity , 

Reference numeral 40 designates an operation 
section for allowing a user to check operational 
settings and contents thereof for the image forming 
apparatus 102 and the sheet processing apparatus 103. 
The operation section 40 is comprised of a display for 
allowing the user to check the settings, touch panel 
keys arranged on the display, for allowing the user to 
make detailed settings for an image forming operation 
(for example, setting of the size of sheets on which 
images are to be formed and setting of a scale factor) 
and operational settings for the sheet processing 
apparatus (for example, setting of a sheet processing 
mode for a punching process, a stapling process, or the 
like) , ten keys for setting numerical values for the 
number of image forming copies, a stop key for stopping 
the image forming operation, a reset key for returning 
the settings to initial ones, a start key for starting 
the image forming operation, and others. 

In the sheet processing apparatus (hereinafter 
referred to as "the finisher") 103, reference numeral 1 
designates an inlet roller of the finisher 103 for 
conveying the sheet S conveyed from the image forming 
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apparatus 102 . Reference numerals 2 and 3 designate 
conveyance rollers for conveying an insert sheet I with 
an image previously formed thereon. Reference numeral 
31 designates a sheet detecting sensor for detecting, on 
the inlet side, passage of the sheet S or insert sheet 
I, Reference numeral 50 designates a punching unit for 
punching a rear or trailing end portion of the sheet S 
or insert sheet I, which has been conveyed to the 
punching unit with its image formed surface facing 
downward. The punching unit 50 will be described later 
in detail- By thus punching the rear end portion of the 
sheet with its image formed surface facing downward, the 
user can obtain an output result in which a punching 
position is formed on a left side of the sheet as viewed 
from the image formed surface. 

Reference numeral 5 designates a roller of a 
relatively large diameter (hereinafter referred to as 
"the buffer roller") located in the middle of the 
conveyance path to convey the sheet while pressing it 
against its roll surface by means of urging rollers 12, 
13 and 14 disposed along an outer periphery thereof. 

Reference numeral 11 designates a first switching 
flapper for selectively switching between a non-sort 
path 4 and a sort path 8. Reference numeral 10 
designates a second switching flapper for selectively 
switching between a buffer path 43 for temporarily 
storing the sheet S or the insert sheet I and the sort 
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path 8. Reference numeral 33 designates a sheet 
detecting sensor for detecting the sheet in the non-sort 
path 4, and reference numeral 32 designates a sheet 
detecting sensor for detecting the sheet in the sort 
path 8. Reference numeral 6 designates a conveyance 
roller provided on the sort path 8. 

Reference numeral 84 designates a preceding tray 
unit including an intermediate tray 82 (he^reinaf ter 
£3 referred to as "the processing tray") fpr temporarily 

ffl 10 accumulating sheets, aligning the accumulated sheets S 

or insert sheet I, and stapling them using a staple 
1,^ unit, and an aligning plate 88 tan aligning the sheets S 

'^^ or insert sheet I loaded on thef processing tray. The 

processing tray 82 stacks thes sheets S and insert sheet 
-^^ 15 I conveyed thereto with th^ir image formed surfaces 

facing downward in such ai manner that their image formed 
surfaces remain facing /downward. The aligning plate 88 
aligns the sheets staicked on the processing tray 82 with 
their image formed/surfaces facing downward so as to 
20 correct deviatiori of the sheets in a direction at a 

right angle to /a sheet conveying direction (a 
perpendicular/direction, that is, a sheet width 
^J^y direction) , /and correct skewing thereof. The ^ table/ 
unit 80 staples rear end portions of the sheets 
25 accumulat/ed and aligned with their image formed surfaces 

facing ydownward. Consequently, the sheets with images 
formed thereon can be sequentially discharged in a 
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fashion facing downward, starting witli the top page, so 
that for example, in an image formi/ng apparatus having a 
copying function and a facsimile yOr printer function, 
processing can be started with tihe top page whatever 
5 function is used. Further, the staple unit 80 can be 

provided in the main body of /the image forming apparatus 
102. As a result, the user/can obtain output results in 
which the correct page order and image orientation are 
Q obtained with a binding nosition formed on the left side 

ffi 10 of the sheet as viewed fixom the image formed surface and 

without the need to indrease the size of the sheet 
1^ processing apparatus 1X)3 and complicate the construction 

of the same, Therefo/re, the apparatus can be operated 
p; more easily and has ^improved productivity, cost 

15 performance, and thfe like. In this connection, the 

Q punching process xs also controlled such that the sheet 

is punched at a /ear or trailing end portion thereof. 

The processing tray 82 has a discharging roller 83b 
as a stationary roller located at a discharging end side 
20 thereof and which is one of bundle discharging rollers. 

Reference numeral 7 designates a first discharging 
roller arranged in the sort path 8, for discharging the 
sheets S or insert sheet I onto the processing tray 82. 
Reference numeral 9 designates a second discharging 
25 roller arranged in the non-sort path 4, for discharging 

the sheets S or insert sheet I onto a sample tray (first 
loading tray) 85. 
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Reference numeral 83a designates an upper 
discharging roller supported by a rocking guide 81 and 
which comes into abutment with the lower discharging 
roller 83b in a pressing fashion when the rocking guide 
5 81 is in a closed position, to discharge the sheets S or 

insert sheet I in a bundle onto a stack tray (second 
loading tray) 86 (the sheet bundle discharging operation 
is performed whenever processing of one group such as a 
Cj set of sheets forming a copy of a book, for exconple, is 

fii 10 completed). Reference numeral 87 designates a bundle 

i U 

,S loading guide which comes into abutment with a rear edge 

m 

U (in the bundle discharging direction) of the bundle of 

sheets loaded on the sample tray 85 to support them and 

f ^ 

Ij which also acts as a part of a casing of the sheet 

processing apparatus 103. 

^3 ;^uigSi!l-^ Reference numeral 2 0 designates aninsert sheet 

storage section for setting therei^ insert sheets I with 
images previously formed therepn and which are to be 
inserted into sheets fed freJm the image forming 
20 apparatus main body. Reference numeral 21 designates a 

feed roller for feedp^g insert sheets, and reference 
numeral 22 design^ixes a separating roller for separating 
the fed insert/sheet (s) from the other insert sheets (in 
the present/embodiment, sequentially separating and 
25 feeding ferhe insert sheets starting with a top layer 

sheet)/: Reference numeral 27 designates an insert 
sheet set detecting sensor for detecting whether an 
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insert sheet or insert ^neets are set in the insert 
sheet storage section/20. The fed insert sheet I is 
conveyed to the comreyance roller 2 by means of 
conveyance rollers 23, 34, 25, 25. 

An operator sets the insert sheet I on the storage 
section 2 0 in such a manner that the image formed 
surface of the sheet faces upward (a face-up state) and 
that a top layer sheet corresponds to a top page while a 
bottom layer sheet corresponds to a last page in the 
case of a plurality of pages. In addition, the fed 
insert sheet I is turned upside down via the conveyance 
path on the conveyance rollers 23, 24, 25, 26, so that 
its image formed surface faces downward before it passes 
through the transfer roller 2 . 

With such an image forming system, when the user 
sets originals on the automatic original feeding section 
51 of the reading and feeding apparatus 101, makes 
desired settings via the operation section 40, and then 
designates start of operation, an image forming 
operation is started. Once the image forming operation 
has been started, the reading and sheet feeding 
apparatus 101 sequentially reads the originals starting 
with the top page, while the image forming apparatus 102 
starts feeding recording sheets from the set recording 
sheet storage sections 53, 54 to convey them to the 
image forming section 62 via the sheet conveyance path. 
A toner image formed based on the image information read 
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by the reading and feeding apparatus 101 is transferred 
to the fed sheet, which is then passed through the 
fixing section so that the image is fixed to the sheet. 
The sheet is then turned upside down so as to have its 
image formed surface face downward and is then conveyed 
to the sheet processing apparatus 103, The sheet 
processing apparatus 103 carries out processing such as 
conveyance of the insert sheet, punching, classification 
of the sheets, and stapling before outputting the 
sheets . 

FIG. 2 is a view showing the construction of the 
punching unit 50 in the sheet processing apparatus 103 
(as seen from above this unit) . The punching unit 50 is 
comprised of the sheet end detecting sensor 93 for 
detecting the end position of the sheet in the sheet 
width direction at a right angle to a sheet conveying 
direction A, and a punching section 90, The sheet end 
detecting sensor 93 is formed of a photocoupler having a 
light emitting part and a light receiving part to detect 
the sheet end when the sheet is interposed between the 
light emitting part and the light receiving part to 
block light from the light emitting part. In the 
present embodiment, the sheet end detecting sensor 93 
and the punching section 90 are integrated together and 
configured so as to move together in a direction D-E at 
a right angle to the sheet conveying direction. 

The punching section 90 is comprised of punches 
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laterally projected from a peripheral surface of a 
rotary shaft 191 and dies 92 journaled to a rotary shaft 
192 (see FIG, 3) extending parallel with the rotary 
shaft 191. The rotary shafts 191 and 192 are rotated 
synchronously by a punch drive motor, not shown. 

FIGS. 3 A to 3C are views useful in explaining a 
punching operation performed by the punching unit 50. 
The punching unit 50 normally rests in a home position 
(HP) , shown in FIG. 3A and is positioned in place by a 
punching position sensor 99 for detecting a punching 
position flag 98 attached to the rotary shaft 191. 
After the sheet detecting sensor 31 has detected the 
trailing end of the sheet, the punch drive motor is 
driven in predetermined timing to rotate the punches 91 
and the dies 92 to engage each punch 91 with a die hole 
92a formed in the corresponding die 92, thereby punching 
the sheet being conveyed (see FIG, 3B) . Once the sheet 
being conveyed has been punched, each punch 91 is 
removed from the conveyance path (see FIG. 3C) . In this 
punching operation, the sheet being conveyed can be 
punched by rotating the punches 91 and the dies 92 at 
the same speed as the pair of conveyance rollers 3. 

The punching section 90 also has a punch slide HP 
detecting sensor 94 disposed for movement in the sheet 
width direction (the arrow D-E direction in FIG. 2) at a 
right angle to the sheet conveying direction A. When 
moved in the arrow E direction, the punch slide HP 
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detecting sensor 94 detects a punch slide defining 
section 95 provided in the sheet processing apparatus 
103 . A punch slide HP is located several millimeters 
(corresponding to L2 in FIG. 2) before a sheet reference 
position; this distance corresponds to the amount of 
skewing or displacement of the sheet position in the 
direction (sheet width direction) at a right angle to 
the sheet conveying direction (hereinafter referred to 
as "the lateral registration". 

The punching section 9 0 further includes the sheet 
end detecting sensor 93, and a lateral registration HP 
detecting sensor 96 which are driven by a sensor slide 
motor, not shown, to move in the arrow D or E direction. 
When moved in the arrow E direction, the lateral 
registration HP detecting sensor 96 detects a lateral 
registration HP defining section 97, Further, the sheet 
end detecting sensor 93 is moved in the arrow D 
direction and kept on standby at a sheet end detecting 
standby location corresponding to a selected sheet size. 
The sheet end detecting standby location is separated 
from the center of the punching unit 50 by a distance 
corresponding to half of the sheet width. In this 
manner, the sensor slide motor is driven before sheet 
conveyance to move the sheet end detecting sensor 93 to 
a location separated from the center of the punching 
unit 50 by the distance corresponding to half of the 
sheet width. 
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Upon passage of a predetermined period of time 
after the sheet detecting sensor 31 has detected a 
leading end of the sheet, a punch slide motor, not 
shown, is driven to move the punching section 90 and the 
sheet end detecting sensor 93 in the arrow D direction. 
Once the sheet end detecting sensor 93 has detected the 
sheet end when the space between the light emitting part 
and light receiving part of the sheet end detecting 
sensor 93 is blocked by the sheet, the punch slide motor 
is stopped. Thus, the punching position can be 
determined using the sheet end as a reference. At this 
time, adjustment of the punching position in the 
direction (the sheet width direction) at a right angle 
to the sheet conveying direction is completed. In this 
manner, the sheet end detecting sensor 93 determines the 
position to be punched so that the sheet can be punched 
at an appropriate position thereof, and the punching 
section 50 punches the sheet at a position thereof 
determined by a result of the detection by the sheet end 
detecting sensor 93. As described later, in the present 
embodiment, if the sheets to be punched have different 
sizes (for example, different sheet lengths in the 
conveying direction) , then control is provided to 
correspondingly change the timing to move the punching 
section 90 and the sheet end detecting sensor 93 in the 
arrow D direction. That is, the above described 
predetermined period of time is changed depending on the 
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size (for example, the sheet length in the conveying 
direction) of each of the plural kinds of sheets of 
difference sizes. 

Next, a description will be given of a manner of 
calculating the predetermined period of time T from 
detection of a leading end of the sheet S by the sheet 
detecting sensor 31 and before the punch slide motor, 
not shown, is driven. FIG. 4 is a view showing the 
punched sheet S. Here, the length (size) of the sheet 
in the sheet conveying direction A is defined as L, and 
the distance (punch offset) between the center of each 
punch hole and the trailing end of the sheet in the 
sheet conveying direction A is defined as X. Further, 
the distance between the sheet detecting sensor 31 and 
the sheet end detecting sensor 93 is defined as K (see 
FIG. 2), and the speed at which the sheet S is conveyed 
is defined as V. 

A period of time Tl from detection of the leading 
end of the sheet S by the sheet detecting sensor 31 and 
before the punching position on the sheet S arrives at 
the sheet end detecting sensor 93 is shown by Equation 
(1) : 

Tl = (K + L - X) / V ( 1 ) 

L2 (see FIG. 2) designates a maximum allowable 
range for skewing or lateral displacement of the sheet 
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S. That is, L2 designates a maximum allowable range 
within which the sheet end can pass in the direction at 
a right angle to the sheet conveying direction A with 
respect to the center of sheet conveyance. The range L2 
is set for the opposite sides of the center of sheet 
conveyance (the direction D-E) . That is, if the amount 
of lateral displacement or skewing of the sheet exceeds 
a value corresponding to the range L2 , the sheet is 
considered to have been improperly conveyed, and then 
control is provided to cancel the punching process or 
the like. 

Further, if the speed at which the punch slide 
motor moves, that is, the speed at which the punching 
section 9 0 and the sheet end detecting sensor 93 move in 
the arrow D direction is defined as V2 , a maximum period 
of time T2 required for the punching section 9 0 and the 
sheet end detecting sensor 93 to move is shown by 
Equation (2 ) : 

T2 = (2 X L2) / V2 (2) 

FIG. 5 is a timing chart showing signals from the 
sheet detecting sensor 31, the sheet end detecting 
sensor 93, the punch slide HP detecting sensor 94, and 
the punching position sensor 99, and driving waveforms 
for the punch drive motor, and the punch slide motor. 
In FIG. 5, T3 designates a period of time from start of 
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driving of the punch drive motor and before each punch 
91 and the corresponding die 92 are engaged together via 
the sheet being conveyed, to punch the same. T3 may 
designate a period of time from engagement of each punch 
91 with the corresponding die 92 via the sheet being 
conveyed and before the sheet is punched. That is, the 
period of time T from detection of the sheet end in the 
conveying direction by the sheet detecting sensor 31 and 
before the punch slide motor (that moves the punching 
section 90 and the sheet end detecting sensor 93 as 
described above) is driven is shown by Equation (3): 

T = Tl - T2 - T3 ••• (3) 

where T meets T > K/V because the sheet end cannot be 
detected when the sheet does not actually arrive at the 
sheet end detecting sensor 93 . 

The above calculation result T is used as follows: 
For example, once the period of time T corresponding to 
the calculation result has passed after the sheet 
detecting sensor 31 detected the sheet end in the 
conveying direction, the punch slide motor is driven to 
start detection of the sheet end by the sheet end 
detecting sensor 93 (that is, the sheet end detecting 
sensor 93 is moved in the direction D to search for the 
sheet end. Since the punching section 90 and the sheet 
end detecting sensor 93 are integrated in one body, the 
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punching section 90 also moves in the direction D) . 
When the sensor 93 detects the sheet end, the 
positioning of the punching section 9 0 is completed to 
use as the punching position a position based on the 
detection result. Then, the sheet is punched by the 
punching section 90 at the position based on the 
detection result. 

Based on the above description, a description will 
be given of the relationship between the size (the sheet 
length in the conveying direction) of the sheet to be 
punched, the period of time from the detection of the 
front end of the sheet in its conveying direction by the 
sheet detecting sensor 31 and before the sheet end 
detecting sensor 93 starts the sheet end detecting 
process, the position at which the sheet end detecting 
sensor 93 carries out the sheet end detecting process, 
and the period of time from the termination of the sheet 
end detecting process by the sheet end detecting sensor 
93 and before the sheet is actually punched, using the 
following specific example: As sheets to be punched, 
for example, sheets of an A4 size will be compared with 
sheets of an A3 size which are larger in length in the 
sheet conveying direction than the A4 size sheets. The 
present embodiment provides such control that the timing 
in which the sheet end detecting sensor 93 starts the 
sheet end detection for A3 -sized sheets (timing for 
start of movement of the sheet end detecting sensor 93 
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in the D direction) is delayed with respect to the 
timing in which the sheet end detecting sensor 93 starts 
the sheet end detection for A4-sized sheets. This is to 
always detect the end position of the sheet on the 
trailing end side thereof for any sizes of sheets if the 
sheets can be conveyed and punched by the apparatus, in 
order to detect the end position of the sheet with 
reference to the trailing end thereof. The reason why 
the trailing end is used as the reference is that the 
sheet is punched at the trailing end. That is, the 
present embodiment provides such control that the sheet 
end in the direction at a right angle to the sheet 
conveying direction is always detected at a vicinity of 
the punching position on the sheet to be punched (a 
point around the punching position) for any sizes 
(corresponding to the sheet length in the conveying 
direction) of sheets if the sheets can be conveyed and 
punched by the apparatus. For this reason, the period 
of time from the detection of the front end of the sheet 
in the conveying direction by the sheet detecting sensor 
31 and before the sheet detecting sensor 93 starts the 
end detecting process is controlled to vary depending on 
the size (in the present embodiment, the sheet length in 
the conveying direction) of each of plural kinds of 
sheets of different sizes, so that, for example, the 
start timing for the sheet end detecting operation is 
advanced or delayed depending on the size of the sheet 
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to be punched. The position where the sheet end 
detecting sensor 93 carries out the sheet end detecting 
process is always controlled to be on the trailing end 
side of the sheet, that is, near the punching position 
on the sheet to be punched (a point around the punching 
position) regardless of the sheet size, as described 
above, thereby allowing the sheet end to be always 
detected at the same point irrespective of the sheet 
size (that is, the distance between the position of the 
sheet detected by the sheet end detecting sensor 93 and 
the rearmost end position thereof is constant regardless 
of the sheet size) . 

Further, the period of time required before the 
sheet actually punched after the detection of the sheet 
end by the sheet end detecting sensor 93 is also 
controlled to be constant irrespective of the sheet size 
and can be significantly reduced by detecting the sheet 
end near the punching position on the sheet. 

Since, the period of time required before the sheet 
is actually punched after the detection of the sheet end 
by the sheet end detecting sensor 93 is thus 
significantly reduced, even if the sheet to be punched 
skews or deviates in a lateral direction or whatever 
size the sheet has, a large difference is prevented from 
occurring between the amount of skewing at the time of 
detection of the sheet end and the amount of skewing at 
the time of actual punching of the sheet. Consecjuently , 
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the appropriate position to be punched is prevented from 
being significantly changed to thereby minimize 
deviation of the punching position in the sheet width 
direction at a right angle with the sheet conveying 
direction . 

FIG. 6 is a block diagram showing the configuration 
of the control section of the image forming system. A 
controller circuit section 200 is comprised of a central 
processing unit (hereafter referred to as "the CPU") 
2002, a memory 2001, an I/O control section 2003, and 
others. The CPU 2002 performs arithmetic operations in 
accordance with predetermined programs (including 
programs for executing various processes such as 
processes shown in flow charts, described later) and 
controls the entire system. The memory 20 01 includes a 
RAM, a ROM, an IC card, a floppy disk, and the like for 
storing programs or predetermined data, to and from 
which programs (including the programs for executing 
various processes such as process shown in flow charts, 
described later) or data are written or read. The I/O 
control section 2 003 transmits and controls input and 
output signals. 

To the I/O control section 2003 are connected an 
operation section control section 201, a recording and 
sheet feeding control section 202, a reading and sheet 
feeding apparatus control section 203, an image 
formation control section 204, and a sheet processing 
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apparatus control section 205. 

The memory 2 001 and the I/O control section 2003 
are controlled by control signals from the CPU 2002. 
Further, the controller circuit section 200 causes the 
the operation section control 201, the recording paper 
feeding control section 202, the reading and feeding 
apparatus control section 203, the image formation 
control section 204, and the sheet processing apparatus 
control section 205 to operate via the I/O control 
section 2003, 

With the image forming system configured as 
described above, when the user sets originals on the 
automatic original feeding section 51 of the reading and 
sheet feeding apparatus 101 and operates the operation 
section 40 of the image forming apparatus to set an 
operation mode and designate start of copying, the 
automatic original feeding section 51 sequentially feeds 
the originals to the read position on the original table 
glass 78 starting with the leading page and reads them 
using the optical system 52. 

An original image is exposed by the CCD 76, and the 
exposed image is photoelectrically converted and read as 
an image signal. The read image signal is subjected to 
various image processes depending on the user's settings 
and is then converted into an optical signal for 
exposing the photosensitive body. Then, an image is 
formed on the sheet S through a typical 



36 

electrophotographic process including an electric static 
charging step, an exposure step, a latent image forming 
step, a development step, a transfer step, a separation 
step, and a fixing step. The sheet S with the image 
formed thereon is switched back by the roller 64a into 
an upside-down position with its image formed surface 
facing downward, conveyed and discharged from the image 
forming apparatus 102 by means of the conveyance roller 
65, and conveyed to the conveyance path of the sheet 
processing apparatus 103 via the inlet roller 1, The 
sheet processing apparatus 103 is controlled by the 
controller circuit section 200 in accordance with the 
settings via the operation section 40. The sheet S 
discharged from the image forming apparatus 102 is thus 
conveyed to the sheet processing apparatus 103 . 

If a punching operation mode has been selected by 
the operation section 40, the controller circuit section 
2 00 actuates the sheet processing apparatus control 
section 2 05 to drive the sensor slide motor to move the 
sheet end detecting sensor 93 to a predetermined 
position (sheet end detection standby position) 
appropriate for the sheet size before starting sheet 
conveyance. 

When the sheet detecting sensor 31 detects the 
front end of the sheet, the controller circuit section 
200 calculates from the sheet length in the conveying 
direction a period of time it must wait (hereinafter 
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referred to as "the wait time") before starting punch 
slide driving and then actuates a timer (this wait time 
varies depending on the sheet length in the conveying 
direction as described above) , If the controller 
circuit section 200 determines that the punch slide 
driving wait time has elapsed, it actuates the sheet 
processing apparatus control section 205 to drive the 
punch slide motor to move the punching section 90 and 
the sheet end detecting sensor 93 in the sheet width 
direction (the arrow D direction in Fig. 2) . When the 
sheet end detecting sensor 93 detects the sheet end, the 
controller circuit section 200 stops the punch slide 
motor to thereby position the punching section 9 0 and 
the sheet end detecting sensor 93. 



' — When the sheet detecting sensor 93 d^^cts the 
trailing end of the sheet, the contrpi^er circuit 
section 200 calculates, based ony^he punch offset (X) 
corresponding to the punchipg position on the sheet S, 
the wait time before stpt^ing punch slide driving, and 
then actuates the t;kfner. When the calculated wait time 
has elapsed, the/controller circuit section 200 drives 
the punch dr>fve motor, not shown, to rotatively drive 
the pun^Hes 91 and dices 92 of the punching section 90 
to mmch the sheet S . 

When the punching position sensor 99 detects 
completion of the punching operation, the controller 
circuit section 200 actuates the sheet processing 
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apparatus control section 205 to drive the punch slide 
motor, not shown, to move the punching section 90 and 
the sheet end driving sensor 93 in the punch slide HP 
direction (the arrow E direction in Fig. 2). 

When the punch HP detecting sensor 94 detects the 
punch slide HP defining section 95, the controller 
circuit section 200 actuates the sheet processing 
apparatus control section 205 to stop the punch slide 
motor, not shown, to set the punching section 90 and the 
sheet end detecting sensor 93 on standby. 

The controller circuit section 200 also actuates 
the sheet processing apparatus control section 205 to 
drive the conveyance flapper 11 to switch the conveyance 
path. If the sheet S is to be loaded on the sample tray 
85, it is discharged via the discharging roller 9. If 
the sheet S is to be loaded on the stack tray 86, it is 
discharged from the discharging roller 7 via the 
conveyance roller 6 onto the processing tray 82 . 

If a stapling operation has been selected by the 
operation section 40, the controller circuit section 200 
actuates the sheet processing apparatus control section 
205 to drive the staple unit 80 to staple the trailing 
end of the bundle of sheets loaded on the processing 
tray 82. The controller circuit section 200 also 
actuates the sheet processing apparatus control section 
204 to drive the aligning plate 88 to align the bundle 
of sheets to be loaded, while controlling a direction in 
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which the bundle of sheets to be loaded on the stack 
tray 86 are arranged. Further, the controller circuit 
section 200 actuates the sheet processing apparatus 
control section 205 to close the pivotal guide 81 and 
then drive the bundle discharging roller (the upper 
discharging roller 83a and the lower discharging roller 
83b) to discharge and load the bundle of sheets from the 
processing tray 82 onto the stack tray 86. 

FIGS. 7, 8, and 9 are flow charts showing a 
procedure of the punching operation process. A program 
for executing this process is stored in the ROM in the 
memory 2001 and executed by the CPU 2002, 

The CPU 2002 actuates the operation section control 
section 2 01 to receive inputs for the loading, stapling, 
and punching operations, and actuates the recording 
paper feeding control section 202, the reading and sheet 
feeding apparatus control section 203, the image 
formation control section 204, and the sheet processing 
apparatus control section 205 based on the operational 
settings designated by the user's inputs to the 
operation section 40, 

That is, first, the CPU 2 002 determines whether or 
not the user has selected a copy start operation, that 
is, whether or not a copy start key has been turned on 
(step SI) . If the CPU determines that the copy start 
has been turned on, it starts an image forming operation 
(step S2) . 
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The CPU 2 0 02 determines whether or not the user has 
selected a punching operation mode before the user 
selects the copy start operation (step S3) . If the CPU 
2002 determines that the user has not selected the 
punching operation mode, it then determines whether or 
not the job has been completed (step S4) . 

If the CPU 2 002 determines that the job has been 
completed, it returns to the processing at the step SI. 
On the other hand, if the CPU 2002 determines that the 
job has not been completed, it returns to the processing 
at the (step S2^t^o continue the image forming operation. 

On the other hand, if the user has selected the 
punching operation at the step S3, the CPU 2002 actuates 
the sheet processing apparatus control section 205 to 
drive the sensor slide motor to move the sheet end 
detecting sensor 93 to the predetermined position (the 
sheet end detection standby position) appropriate for 
the sheet size (step S5) . Then, the CPU 2002 waits 
until the sheet detecting sensor 31 detects the front 
end position of the sheet (step S6) . 

When the leading end of the sheet is detected, the 
CPU 2002 calculates from the sheet conveyance length the 
wait time before starting punch slide driving (step S7 ) . 
Once the CPU 2002 has cleared a timer A inside the CPU, 
it starts the punch slide driving (step S8) . The value 
calculated at the step S7 varies depending on the size 
of each sheet (the sheet length in the conveying 
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direction) as described above. 

The CPU 2002 waits until the timer A counts up the 
wait time before starting the punch slide driving (step 
S9) . Once the punch slide driving wait time has 
elapsed, the CPU 2002 actuates the sheet processing 
apparatus control section 2 05 to drive the punch slide 
motor to start moving the punching section 90 and the 
sheet end detecting sensor 93 in the sheet width 
direction (the arrow D direction in FIG. 2) so that the 
sheet end detecting sensor 93 can detect the sheet end 
(step SIO) . Subsequently, the CPU 2002 stops and clears 
the timer A (step Sll) . 

When the punching section 90 and the sheet end 
detecting sensor 93 start moving in the sheet width 
direction at the step SIO, the sheet end detecting 
process is started. FIG. 10 is a flow chart showing a 
procedure of the sheet end detecting process. A program 
for executing this process is stored in the ROM in the 
memory 2001 and executed by the CPU 2002 in parallel 
with the process shown in FIGS. 7, 8, and 9. That is, 
the CPU 2002 waits until the sheet end detecting sensor 
93 detects the sheet end (step S31) . If the sheet end 
is detected, the CPU 2002 stops the punch slide motor to 
stop the movement of the punching section 90 and sheet 
end detecting sensor 93 (step S32) to complete the 
processing. The above processing completes the 
adjustment of the punching position in the sheet width 
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direction at a right angle with the conveying direction. 

On the other hand, after clearing the timer A at 
the step Sll, the CPU 2002 waits until the sheet 
detecting sensor 31 detects the trailing end of the 
sheet (step S12). When the trailing end of the sheet is 
detected, the CPU 2002 calculates the wait time before 
starting punch rotation driving, depending on the preset 
punching position (the position at the distance X from 
the trailing end of the sheet) in the sheet conveying 
direction (step S13) . The CPU 2002 starts the timer A 
(step S14) and waits until the timer A counts up the 
wait time before starting the punch rotation driving 
(step S15) , The CPU 2002 then actuates the sheet 
processing apparatus control section 205 to drive the 
punch drive motor to punch the trailing end of the sheet 
being conveyed (step S16) . Then, the CPU 2002 stops and 
clears the timer A (step S17) . 

The CPU waits until the punching position detecting 
sensor 99 detects completion of the punching (step S18) , 
When the completion of the punching is detected, the CPU 
2002 actuates the sheet end apparatus control section 
2 05 to drive the punch slide motor to move the punching 
section 90 and the sheet end detecting sensor 93 to the 
punch slide HP (step S19) . 




-"^ The CPU waits until tj^e^unch slide HP sensor 94 

detects the punch^id:^ HP defining section 95 (step 
S20). When^^^^fie punch slide HP defining section 95 is 
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detected, the CPU 2002 stops the movement of the 
punching sectionySO and sheet end detecting sensor 93 
toward the pun^m slide HP. 



The CPU 2002 waits until the Bftinching position 
detecting sensor 99 detects^^feiie punch HP (step S22). 
When the punch HP is d^^ected, the CPU 2002 stops the 
rotative movemepfof the punches 91 and dices 92 (step 
S23) and r^^turns to the processing at the step S4 . 

Subsequently, as described above, the CPU 2002 
determines at the step S4 whether or not this job has 
been completed. If the CPU 2 002 determines that the job 
has been completed, it returns to the processing at the 
step SI to prepare for the next job. On the other hand, 
if the CPU 20 02 determines at the step S4 that the job 
is to be continued, it executes the processing at the 
step S2 to continue the image forming operation. 

As described above, according to the image forming 
system of the first embodiment, based on the information 
on the length of the sheet width (the sheet length in 
the conveying direction) , the sheet end detecting sensor 
is first moved to the sheet end detection standby 
position, and then, to detect the sheet end, the sensor 
93 is moved from the sheet end detection standby 
position in the timing of the movement of the punching 
position on the sheet to the predetermined position 
regardless of the length of the sheet to be detected 
(that is, to enable the sheet end to be detected near 
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the actually punching position, the timing in which the 
sheet end detecting sensor 93 starts moving is changed 
depending on the length of each sheet in the conveying 
direction) . By completing the punch slide movement and 
performing the punching operation when the sheet end 
detecting sensor 93 detects the sheet end, deviation of 
the punching position in the sheet width direction at a 
right angle with the sheet conveying direction can be 
minimized to provide a higher-grade sheet processing 
apparatus for the user. 
(Second Embodiment) 

An image forming system according to a second 
embodiment of the present invention has the same 
mechanical and electrical constructions as those of the 
first embodiment, and description thereof is therefore 
omitted, A punching operation in the second embodiment 
which is different from that in the first embodiment 
will be principally explained below. 

In the second embodiment, a sheet size that enables 
the sheet to be punched can be determined from the sheet 
length in the conveying direction. FIG. 4, referred to 
above, shows a sheet with a minimum punchable sheet 
length in the conveying direction, and the sheet is 
shown to have been punched. 

That is, let it be assumed that the minimum 
punchable length in the sheet conveying direction is 
defined as L, and the distance (punch offset) between 
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the center of each punch hole and the trailing end of 
the sheet in the conveying direction A is defined as X. 
Further, let it be assumed that the distance between the 
sheet detecting sensor 31 and the punching section 90 is 
defined as M (see FIG. 2) , the distance between the 
sheet detecting sensor 31 and the sheet end detecting 
sensor 93 is defined as K, and the speed at which the 
sheet is conveyed is defined as V. 

The period of time Tl from the detection of the 
trailing end of the sheet by the sheet detecting sensor 
31 and before the punching position on the sheet arrives 
at the punching section 90 is shown by Equation (4) : 

Tl = (M - X) / V (4) 

In FIG. 5, referred to above, T3 designates the 
period of time from the start of driving of the punch 
drive motor and before each punch 91 and the 



corresponding/ dice) 92 are engaged with each other via 



to enable punching the punching position by driving the 
punch drive motor after the sheet detecting sensor 31 
has detected the trailing end of the sheet, Equation (5) 
must be satisfied. 




punch the sheet. 



That is. 



Tl > T3 (5) 
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L2 (see FIG. 2) designates the maximum allowable 
range for skewing or lateral displacement of the sheet 
S. That is, L2 designates the maximum allowable range 
within which the sheet end can pass in the width 
direction at a right angle to the sheet conveying 
direction A with respect to the center of sheet 
conveyance. The range L2 is set for the opposite sides 
of the center of sheet conveyance (the direction D-E) . 
Further, if the speed of the punch slide motor is 
defined as V2 , the maximum period of time T2 required 
for the punch slide movement is shown by Equation (2), 
referred to above : 

T2 = (2 x L2) / V2 (2) 

In actuality, for the sheet end detecting sensor 93 
to detect the sheet end, the punching section 90 and the 
sheet end detecting sensor 93 must be able to move a 
distance 2 x L2 while the sheet is passing the sheet end 
detecting sensor 93. That is, Equation (6) must be 
satisfied: 

T2 < (L - X) / V - T3 (6) 

Next, the relationship between the minimum 
punchable length L in the sheet conveying direction and 
the distance K between the sheet detecting sensor 31 and 
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the sheet end detecting sensor 93 is shown, FIGS. IIA 
to lie are views showing the relationship between the 
minimum punchable length L in the sheet conveying 
direction and the distance K between the sheet detecting 
sensor 31 and the sheet end detecting sensor 93. The 
length of the sheet to be punched in the conveying 
direction is defined as N (N > L) . 

FIG. llA shows a case where K > L, In this case, 
after the sheet detecting sensor 31 has detected the 
trailing end of the sheet, the amount of sheet movement 
is detected. The amount of sheet movement can be 
detected, for example, by detecting a clock for driving 
the sheet conveyance motor. By counting clocks 
corresponding to (K-L) after the sheet detecting sensor 
31 has detected the trailing end of the sheet, it is 
possible to determine that the distance between the 
trailing end of the sheet and the sheet end detecting 
sensor 93 is equal to the minimum length L of the sheet 
in the conveying direction. Then, driving of the punch 
slide motor, not shown, is started. 

Alternatively, the speed V of the sheet conveyance 
motor may be used. That is, by counting a period of 
time (K-L) /V by a timer after the sheet detecting sensor 
31 has detected the trailing end of the sheet, it is 
possible to determine that the distance between the 
trailing end of the sheet and the sheet end detecting 
sensor 93 is equal to the minimum length L of the sheet 
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in the conveying direction. Then, driving of the punch 
slide motor, not shown, is started. 

FIG. IIB shown a case where K = L. In this case, 
immediately after the sheet detecting sensor 31 has 
detected the trailing end of the sheet, driving of the 
punch slide motor (not shown) is started, FIG, IIC 
shows a case where K < L. In this case, after the sheet 
detecting sensor 31 has detected the leading end of the 
sheet, the amount of sheet movement is detected. The 
amount of sheet movement can be detected, for example, 
by detecting the clock for driving the sheet conveyance 
motor. By counting clocks corresponding to (N + K - L) 
after the sheet detecting sensor 31 has detected the 
leading end of the sheet, it is possible to determine 
that the distance between the trailing end of the sheet 
and the sheet end detecting sensor 93 is equal to the 
minimum length L of the sheet in the conveying 
direction. Then, driving of the punch slide motor, not 
shown, is started. Alternatively, the speed V of the 
sheet conveyance motor, may be used. That is, by 
counting a period of time (N + K - L) /V by a timer after 
the sheet detecting sensor 31 has detected the trailing 
end of the sheet, it is possible to determine that the 
distance between the trailing end of the sheet and the 
sheet end detecting sensor 93 is equal to the minimum 
length L of the sheet in the conveying direction. Then, 
driving of the punch slide motor, not shown, is started. 
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Then, the punch slide motor, not shown, is driven to 
move the punching section 9 0 and the sheet end detecting 
sensor 93 in the arrow D direction, so that the space 
between the light emitting and receiving parts of the 
sheet end detecting sensor 93 is blocked by the sheet to 
thereby detect the sheet end, immediately followed by 
stopping the punch slide motor. Thus, the punching 
position can be aligned with the punching section 90 
with reference to the sheet end. 

In this manner, if the relationship between the 
minimum punchable length L in the sheet conveying 
direction and the distance K between the sheet detecting 
sensor 31 and the sheet end detecting sensor 93 is K ^ L 
as shown in FIGS. IIA and IIB, the sheet detecting 
sensor 31 detects the trailing end of the sheet, and if 
the relationship is K < L as shown in FIG. IIC, the 
sheet detecting sensor 31 detects the leading end of the 
sheet. Then, the controller circuit section 200 waits 
until the distance K between the trailing end of the 
sheet and the sheet end detecting sensor 93 becomes 
equal to the minimum punchable length L in the sheet 
conveying direction. This can be determined from the 
sheet conveyance speed and the data on the sheet length 
in the conveying direction, as described above. 
Alternatively, it can be determined by counting clocks 
for driving the sheet conveyance motor . 

If the controller circuit section 200 determines 
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that the distance between the trailing end of the sheet 
and the sheet end detecting sensor 93 ecjuals the minimum 
punchable length L in the sheet conveying direction, the 
sheet processing apparatus control section 204 is 
actuated to drive the punch slide motor to move the 
punching section 90 and the sheet end detecting sensor 
93 in the sheet width direction (the arrow D direction 
in FIG. 2) . When the sheet end detecting sensor 93 
detects the sheet end, the controller circuit section 
2 00 stops the punch slide motor to thereby position the 
punching section 90 and the sheet end detecting sensor 
93 . 

As described above, the present embodiment provides 
such control that it is checked whether or not the 
distance between sheet end sensor 93 and the trailing 
end of the sheet being conveyed equals a predetermined 
length (predetermined distance) and the sheet end 
detecting sensor 93 is caused to start an end detecting 
operation depending upon a check result. The present 
invention also provides such control that the sheet end 
detecting sensor 93 is caused to start the end detecting 
operation depending upon how far the sheet has been 
conveyed after the sheet detecting sensor 31 detected 
the front end of the sheet. A specific example will be 
described below. 

For example, if the predetermined length is assumed 
to be and an A4-sized sheet is to be punched, since the 
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length of this sheet in the conveying direction is 
210inin, 210 - 185 = 25inm, that is, the sheet end 
detecting sensor 93 is caused to start detecting the 
sheet end when the sheet is conveyed by 25inm downstream 
in the sheet conveying direction after the sheet 
detecting sensor 31 detects the leading end of the 
sheet. Further, if, for example, an A3 -sized sheet is 
to be punched, since the length of this sheet in the 
conveying direction is 420mm, 420 - 185 = 13 5mm, that 
is, the sheet end detecting sensor 93 is caused to start 
detecting the sheet end when the sheet is conveyed by 
13 5mm downstream in the sheet conveying direction after 
the sheet detecting sensor 31 detects the leading end of 
the sheet. 

Thus, the sheet end can be detected near the 
actually punching position irrespective of the sheet 
length in the conveying direction. If the sheet is 
displaced in the lateral direction or skews, as the 
position where the sheet end is detected is closer to 
the actually punching position, the difference between 
the amount of skewing at the time of detection of the 
sheet end and the amount of skewing at the time of 
actual punching can be reduced, thereby reducing 
deviation of the punching position in the sheet width 
direction. Therefore, insofar as a period of time 
sufficient is allowed for detecting the sheet end before 
the punching process, the sheet end is detected at a 
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position as close to the punched position as possible. 

Referring to FIG. 2, the distance K between the 
sheet detecting sensor 31 and the sheet end detecting 
sensor 93 is stored in the memory beforehand as 
mechanical configuration data. In addition, the data on 
the sheet length in the conveying direction can be 
obtained beforehand from setting information from the 
operator, including setting information on sheet 
selection in the operation section (for example, the 
data on the sheet length in the conveying direction may . 
be obtained by providing a sensor similar to the sheet 
detecting sensor 31 on an upstream side in the sheet 
conveying direction and measuring a period of time from 
the arrival of the leading end of the sheet at this 
sensor and before the sheet passes through the sensor) . 
Thus, the present embodiment is configured such that the 
distance K between the sheet detecting sensor 31 and the 
sheet end detecting sensor 93 and the data on the length 
of the sheet to be punched in the conveying direction 
can be obtained beforehand, whereby the distance between 
the trailing end of the sheet being conveyed and the 
sheet end detecting sensor 93 can be properly checked. 

FIGS. 12, 13, and 14 are flow charts showing a 
procedure of the punching operation process. A program 
for executing this process is stored in the ROM in the 
memory 2001 and is executed by the CPU 2002. 

The CPU 2002 actuates the operation section control 
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section 201 to receive inputs for the loading, stapling, 
and punching operations, and actuates the recording 
paper feeding control section 202, the reading and sheet 
feeding apparatus control section 203, the image 
formation control section 204, and the sheet processing 
apparatus control section 2 05 based on the operational 
settings designated by the user's inputs to the 
operation section 40. 

That is, first, the CPU 2 002 determines whether or 
not the user has selected the copy start operation, that 
is, whether or not the copy start key has been turned on 

(step S51) . If the CPU determines that the copy start 
has been turned on, it starts an image forming operation 

(step S52) . 

The CPU 2002 determines whether or not the user has 
selected the punching operation before the user selects 
the copy start operation (step S53) , If the CPU 2002 
determines that the user has not selected the punching 
operation, it then determines whether or not the job has 
been completed (step S54) , 

If the CPU 2 002 determines that the job has been 
completed, it returns to the processing at the step S51. 
On the other hand, if the CPU 2002 determines that the 
job has not been completed, it returns to the processing 
at the step S52 to continue the image forming operation. 

On the other hand, if the user has selected the 
punching operation at the step S53 , the CPU 2002 
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actuates the sheet processing apparatus control section 
205 to drive the sensor slide motor to move the sheet 
end detecting sensor 93 to the predetermined position 
(the sheet end detection standby position) appropriate 
for the sheet size (step S55) . 
*>u!$^--^ rphen, the CPU 2002 determines whether the di^ktfance 
K between the sheet detecting sensor 31 and tj>e sheet 
end detecting sensor 93 is equal to or lap^r than the 
minimum punchable length L in the she e;c conveying 
direction (step S56) . If the CPU 2v02 determines that 
the distance K between the sheet detecting sensor 31 and 
the sheet end detecting sen^r 93 is equal to or larger 
than the minimum punchab2^e length L in the sheet 
conveying direction, Jit waits until the sheet detecting 
sensor 31 detects >fefhe trailing end of the sheet (step 
S57), When the/sheet detecting sensor 31 detects the 
trailing end^f the sheet, the CPU 2002 starts the timer 
A (step SS6) , and calculates the wait time before 
starting the punch rotation driving, depending upon the 
predetermined punching position (the position at the 
di^ance X from the trailing end of the sheet) in the 
y ohoGt convoying dirocti -en-^ 

The CPU 2 0 02 waits until the timer A counts up the 
wait time (K - L) /V before starting the punch slide 
driving (step S60) . Once the timer A has counted up the 
wait time (K - L) /V, the CPU 2002 actuates the sheet 
processing apparatus control section 205 to drive the 
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punch slide motor to start moving the punching section 
90 and the sheet end detecting sensor 93 in the sheet 
width direction (the arrow D direction in FIG. 2) so 
that the sheet end detecting sensor 93 can detect the 
sheet end (step S61) . 

On the other hand, when the CPU 2002 determines at 
the step SP56 that the distance K between the sheet 
detecting sensor 31 and the sheet end detecting sensor 
93 is smaller than the minimum punchable length L in the 
sheet conveying direction, it waits until the sheet 
detecting sensor 31 detects the leading end of the sheet 
(step S62). When the sheet detecting sensor 31 detects 
the leading end of the sheet, the CPU 2 002 starts the 
timer A (step S53) . 

The CPU 2002 waits until the timer A counts up the 
wait time (N + K - L) /V before starting the punch slide 
driving (step S64) . Once the timer A has counted up the 
wait time (N + K - L) /V, the CPU 2002 stops and clears 
the timer A (step S65) . Then, the CPU 2002 actuates the 
sheet processing apparatus control section 2 05 to drive 
the punch slide motor to start moving the punching 
section 90 and the sheet end detecting sensor 93 in the 
sheet width direction (the arrow D direction in FIG. 2) 
so that the sheet end detecting sensor 93 can detect the 
sheet end (step S66) . 

When the punching section 90 and the sheet end 
detecting sensor 93 start moving in the sheet width 
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direction at the step S61 or S66, the sheet end 
detecting process is started, whereby the sheet end 
detecting process in FIG. 10, described above, is 
executed. This process is executed in parallel with the 
process shown in FIGS. 12, 13, and 14. That is, at the 
step S31, the CPU 2002 waits until the sheet end 
detecting sensor 93 detects the sheet end. If the sheet 
end is detected, then at the step S32, the CPU 2002 
stops the punch slide motor to step the movement of the 
punching section 90 and sheet end detecting sensor 93 to 
complete the process. 

Then, after executing the processing at the step 
S66, the CPU 2002 waits until the sheet detecting sensor 
31 detects the trailing end of the sheet (step S67). 
When the sheet detecting sensor 31 detects the trailing 
end of the sheet, the CPU 2002 starts the timer A (step 

568) . The CPU 2002 then calculates the wait time 
before starting the punch rotation driving, depending on 
the predetermined punching position (the position at the 
distance X from the trailing end of the sheet) (step 

569) . 

Subsequently, the CPU 2002 waits until the timer A 
counts up the wait time before starting the punch 
rotation driving (step S70) . Then, the CPU 2002 stops 
and clears the timer A (step S71) . Then, the CPU 2002 
actuates the sheet processing apparatus control section 
205 to drive the punch drive motor to punch the sheet 
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being conveyed (step S72) . 

The CPU 2002 waits until the punching position 
detecting sensor 99 detects completion of the punching 
(step S73). When the completion of the punching is 
detected, the CPU 2002 actuates the sheet processing 
apparatus control section 205 to drive the punch slide 
motor to start moving the punching section 90 and the 
sheet end detecting sensor 93 toward the punch slide HP 
(step S74) . The CPU 2002 waits until the punch slide HP 
sensor 94 detects the punch slide HP defining section 95 
(step S75) . When the punch slide HP defining section 95 
is detected, the CPU 2 002 stops the movement of the 
punching section 90 and sheet end detecting sensor 93 to 
the punch slide HP (step S76) . 

The CPU 2002 waits until the punching position 
detecting sensor 99 detects the punch HP (step S77). 
When the punch HP is detected, 'the CPU 2002 stops the 
rotative movement of the punches 91 and dices 92 (step 
S78) and returns to the processing at the step S54, 



■ Subsequently, the CPU 2002 de;feiermines at the step 

S24 whether or not this job ha^^been completed. If the 
CPU 2002 determines that tire job has been completed, it 
returns to the process^rhg at the step S51 to prepare for 
the next job. On tl<e other hand, if the CPU 2002 
determines at thfe step S54 that the job is to be 
continued, it/^ returns to the processing at the step S52 
to continue the image forming operation. 
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In the image forming system according to the second 
embodiment, based on the information on the length of 
the sheet width, the sheet end detecting sensor 93 is 
first moved to the sheet end detection standby position, 
and then, to detect the sheet end, the sensor 93 is 
moved from this position in the timing of the conveyance 
of the minimum punchable-sized sheet (of the length L) , 
thereby reducing adverse effects of lateral registration 
and skewing of the sheet. By completing the punch slide 
movement and performing the punching operation when the 
sheet end detecting sensor 93 detects the sheet end, 
deviation of the punching position in the sheet width 
direction at a right angle with the sheet conveying 
direction can be minimized to provide a higher-grade 
sheet processing apparatus for the user. 

Although in the present embodiment, the punching 
process mode is used as an example of the sheet 
processing mode,^ the present invention is not limited to 
this, but is applicable to any operational modes in 
which the sheets are processed without requiring an 
alignment operation similar to, for example, the above 
described punching process mode. 

Further, in the above described embodiment, the 
punching process is carried out while the sheet is being 
conveyed, but the present invention is not limited to 
this, but is applicable to a configuration that the 
sheet is once stopped on the sheet conveyance path, then 
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the punching process is carried out, and then the sheet 
conveyance is restarted. 

That is, even with such a configuration that the 
sheet is temporarily stopped on the sheet conveyance 
path for the punching process, the sheet may deviate in 
a direction perpendicular to the conveying direction or 
skew unless a sheet alignment operation is carried out 
before the punching process. If such a phenomenon 
occurs, the sheet, which has deviated in the direction 
perpendicular to the conveying direction or has skewed, 
must be punched as it is, so that the control according 
to the present embodiment is particularly effective. 

It is to be understood that the present invention 
may also be realized by supplying a system or an 
apparatus with a storage medium in which the program 
code of software that realizes the functions of the 
above described embodiments is recorded, and causing a 
computer (or CPU, MPU) of the system or apparatus to 
read out and execute the program code stored in the 
storage medium. 

In this case, the program code itself read out from 
the storage medium realizes the functions of the above 
described embodiments, so that the storage medium 
storing the program code also constitutes the present 
invention . 

FIG. 15 is a diagram showing a memory map for the 
ROM in the memory 2 001 as a storage medium. The ROM 




60 

stores the punching operation process program module 
shown in the flow charts in FIGS. 7, 8, and 9, the sheet 
end detecting process program module shown in the flow 
chart in FIG. 10, and the punching operation process 
program module shown in the flow charts in FIGS. 13 and 
14. 

The storage medium for supplying these program 
modules is not limited to the ROM, but, for example, a 
floppy disk, a hard disk, an optical disk, a 
photoelectromagnetic disk, a CD-ROM, a CD-R, DVD, a 
magnetic tape, or a non-volatile memory card may be 
used. 

It is to be understood that the functions of the 
above described embodiments may be accomplished not only 
by executing a program code read out by a computer, but 
also by causing an operating system (OS) that operates 
on the computer to perform a part or the whole of the 
actual operations according to instructions of the 
program c ode . 

Furthermore, the program code read out from the 
storage medium may be written into a memory provided in 
an expanded board inserted in the computer, or an 
expanded unit connected to the computer, and a CPU or 
the like provided in the expanded board or expanded unit 
may actually perform a part or all of the operations 
according to the instructions of the program code, so as 
to accomplish the functions of the above described 
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embodiments . 

As described above, according to the present 
invention, to always detect an end position of a sheet 
in a direction at a right angle with the sheet conveying 
direction at a vicinity of an actual sheet processing 
position irrespective of whether the sheet is large- or 
small-sized, the timing for starting a sheet end 
detecting operation performed by a sheet end detecting 
sensor is controlled depending on information on the 
sheet length in the conveying direction. For example, 
the timing for starting the sheet end detecting 
operation performed by the sheet end detecting sensor is 
delayed for large-sized sheets, whereas the timing is 
advanced for small-sized sheets. In this manner, the 
present invention provides such control that the sheet 
end is always detected near the actual processing 
position of the sheet (the trailing end of the sheet) 
regardless of the sheet length in the conveying 
direction so that the sheet can be processed at an 
appropriate position thereof. Thus, adverse effects of 
lateral registration and skewing of the sheet are 
reduced, and even if the sheet deviates in a lateral 
direction or skews, deviation of the sheet processing 
position in a sheet width direction at a right angle to 
the sheet conveying direction can be minimized. 
Therefore, a higher-grade sheet processing apparatus can 
be provided for users. 



